###### Strengths and limitations of this study

-   This was a large national cross-sectional study of exposure to medications with anticholinergic or sedative effects (Drug Burden Index (DBI) medications) in Irish community-dwelling older people.

-   A consensus list of DBI medications available in Ireland was developed and used to establish the prevalence of exposure in a highly representative population.

-   The main limitations of this study result from the constraints of using pharmacy claims data, which do not include information about the clinical indication for prescriptions, and therefore, it is not possible to assess the appropriateness of DBI medications.

-   All medications dispensed were included in the analyses, but it is not possible to confirm whether the medications were consumed.

Introduction {#s1}
============

Medications with anticholinergic and sedative effects carry significant risks of adverse events in older people.[@R1] However, these medications are used to treat a range of conditions that occur commonly in later life such as mental illness, sleep disturbances, nausea, pain and urinary incontinence.[@R2] In older patients, particularly those with comorbidities, this may result in an additive anticholinergic and sedative burden.[@R3] Anticholinergic medications have a range of adverse effects including dry mouth, blurred vision, constipation and urinary retention (peripheral effects), as well as dizziness, confusion, reduced concentration and delirium (central effects).[@R4] Drugs with sedative effects also cause central nervous system adverse effects, including sedation, memory and psychomotor impairment, and impairment of balance control.[@R5] Older people are more sensitive to these adverse effects due to age-related pharmacokinetic and pharmacodynamic changes.[@R1] In community-dwelling older people, anticholinergic and sedative drugs have been linked with an increased risk of falls,[@R8] functional impairment[@R10] and cognitive decline.[@R12] Evidence to support the efficacy of some anticholinergic and sedative medications often does not justify their risks in older people.[@R14] Evidence suggests that deprescribing of some of these medications, such as psychotropic drugs, may result in positive patient health outcomes.[@R16] Therefore, reducing the inappropriate use of these medications in older people is an important public health issue.

Several tools have been developed to evaluate exposure to anticholinergic or sedative medicines. One such tool is the Drug Burden Index (DBI), which is unique when compared with other tools, as it accounts for both cumulative medication exposure and for the patient's dose.[@R19] The DBI uses the drug monograph to determine whether a drug has clinically significant anticholinergic or sedative effects by considering the pharmacology and side-effect profile of the drug. The minimum efficacious dose, which is a key component of the DBI calculation, is determined according to the country-specific approved product information.[@R2] An accumulating body of evidence supports the validity of the DBI tool in terms of predicting functional impairment in older people, with observational studies from different international settings independently associating DBI exposure with poorer physical function,[@R7] frailty,[@R21] falls,[@R15] healthcare utilisation[@R15] and in some studies, mortality.[@R15]

In order to develop strategies to minimise the inappropriate use of anticholinergic and sedative medications in older people, a reliable measure for describing the magnitude of the problem and the identification of targets for improved prescribing of these medications is necessary. However, the prevalence of exposure to anticholinergic and sedative drugs using the DBI tool has not been reported in the Irish older population. Additionally, the list of DBI medications and their minimum effective daily doses needs to be tailored for the specific country of investigation, as the availability of drugs and their minimum recommended daily dose may differ between countries due to regulatory factors as well as factors that may influence drug effects such as genetics, ethnicity, diet and environment.[@R2] Furthermore, a complete list of DBI medications and minimum effective daily doses to use for screening purposes, which could be adapted to the specific country and periodically updated, has not been published. This study aimed to: (1) develop a list of drugs with clinically significant anticholinergic and/or sedative effects (DBI medications) and their corresponding minimum recommended daily doses in older people relevant to Ireland; (2) examine, using the DBI formula, the prevalence of exposure to DBI medications in Irish community-dwelling older people and (3) explore patient factors of age, gender and comorbidity associated with increased exposure to DBI medications.

Methods {#s2}
=======

Study population and design {#s2a}
---------------------------

This was a cross-sectional national pharmacy claims database study in the community setting. Data from the Irish Health Service Executive (HSE) Primary Care Reimbursement Services (PCRS) pharmacy claims database were used to identify the study cohort: older people (aged 65 years and over) enrolled in the General Medical Services (GMS) scheme in Ireland, who had been dispensed at least one prescription in 2016. The HSE-PCRS reimburse pharmacists for the provision of prescription medication in Ireland, through a number of schemes, including the GMS scheme. The GMS database represents the single largest pharmacy claims dataset in Ireland. The GMS scheme provides mainly free health cover (a small copayment on medicines was introduced in 2010) for those eligible and covers approximately 40% of the general Irish population. Eligibility for the GMS scheme is means tested, with a considerably higher threshold for those over 70 years of age, ensuring approximately 80% of this age group are considered eligible for the scheme.[@R24]

Medicines in the HSE-PCRS pharmacy claims database are coded according to WHO Anatomical Therapeutic Chemical (ATC) classification system.[@R26] Permission to use the anonymised HSE-PCRS data for research purposes was obtained from the HSE-PCRS.

Measuring anticholinergic and sedative exposure {#s2b}
-----------------------------------------------

The DBI tool was used to calculate cumulative exposure to medications with clinically significant anticholinergic and/or sedative effects (DBI medications) dispensed from 1 January to 31 December 2016. For this analysis, all DBI medications (with the dose information) were identified using relevant ATC codes and subsequently extracted from the pharmacy claims database.

### List of DBI medications {#s2b1}

Medications with potential anticholinergic and/or sedative effects, available in Ireland, were identified by reviewing several drug monographs[@R27] and previously published studies.[@R19] This list was then refined according to definitions developed by consensus between a pharmacist (CJB) and a clinical pharmacologist (DJW) as follows: A medication was considered to have clinically significant anticholinergic effects if the pharmacological profile of the drug included anticholinergic activity (blocking activity at muscarinic receptors) as well as a side-effect profile consistent with anticholinergic effects listed in the product literature. A medication was considered to have clinically significant sedative effects if drowsiness (or a similar description) was listed as a common (occurring in \>1/100 and \<1/10 users) or very common (occurring in \>1/10 users) adverse effect in the product literature. Topical preparations without significant systemic effects were excluded as per previous studies.[@R19]

The minimum effective daily dose was decided by consensus between two pharmacists (CJB, CW) after independent review of drug monographs.[@R27] The following assumptions were made in determining the minimum effective daily dose:The minimum effective daily dose in older people was used when stated; otherwise, the minimum effective daily adult dose was used.For drugs initiated at a low dose and titrated to effect, the minimum effective daily maintenance dose was used.For drugs with several indications, and when doses varied depending on the indication, the minimum effective daily dose across all indications was used, except for opiates where the minimum effective daily dose was based on the analgesic dose.For drugs available alone and in combination with other drugs, the minimum effective daily dose for the anticholinergic/sedative drug alone was used to define the minimum effective daily dose for the anticholinergic/sedative drug in the combination product.For analgesic drugs with different doses for breakthrough pain and chronic pain, the minimum effective daily dose for chronic pain was used.For drugs administered on an 'as needed' basis, the minimum effective daily dose was the minimum effective single dose multiplied by the minimum number of times the dose is normally repeated in 24 hours.For drugs administered by more than one route, the minimum effective daily dose for the oral route (or the most commonly used route if not administered orally) was used as the reference dose. The reference dose was converted to an equivalent dose for other available routes of administration based on reported conversion factors or bioavailability data.[@R27]

### Calculating DBI exposure {#s2b2}

Total DBI exposure for each individual was calculated as the sum of exposure to any DBI medication dispensed in 2016 using the following equation[@R19]:

$DBI = \sum D/\left( {\delta + D} \right)$ where $D$ is the daily dose taken by the individual patient, and $\delta$ is the minimum effective daily dose for that drug. The daily dose taken by the individual patient for each DBI medication was estimated by multiplying the strength and total quantity dispensed in 2016, and then normalising by dividing by 365 days.[@R15] DBI exposure was also quantified for each patient over 1 year including only chronic DBI medications, defined as at least three prescription items dispensed in the year for the same fourth-level ATC code (eg, N02AJ).[@R33]

Statistical analysis {#s2c}
--------------------

Exposure to DBI medications was categorised dichotomously as unexposed (DBI=0) and exposed (DBI \>0). Prevalence rates and associated 95% CIs for GMS eligible patients aged 65 years and over with at least one prescription dispensed in 2016 (DBI exposure) were calculated. Logistic regression was used to examine the association between DBI exposure and the following patient variables: age at first dispensing in 2016 (categorised into 65--69 (reference), 70--74, 75--79 and ≥80 years), gender (male (reference), female) and number of coprescribed chronic medications over the year (categorised as 0--4 (reference), 5--7, 8--11 and ≥12 chronic medications). Chronic medication was defined as receiving at least three prescription items dispensed in the year with the same second-level ATC code (eg, N02), relating to only the following first-level codes: A (alimentary tract and metabolism), B (blood and blood-forming organs), C (cardiovascular system), G (genitourinary system and sex hormones), H (systemic hormonal preparation, excluding sex hormones and insulins), L (antineoplastic and immunomodulating agents), M (musculoskeletal system), N (nervous system), R (respiratory system) and S (sensory organs), and excluding those on the denominator of the DBI exposure.[@R33] Adjusted ORs and 95% CIs were computed. Statistical significance at p\<0.05 was assumed. Statistical analyses were conducted using SAS V.9.4 (SAS Institute).

Patient and public involvement statement {#s2d}
----------------------------------------

No patients were involved in setting the research question or the outcome measures, nor were they involved in developing plans for design or implementation of the study. No patients were asked to advise on interpretation or writing up of results. There are no plans to disseminate the results of the research to study participants or the relevant patient community.

Results {#s3}
=======

The final list of DBI medications and their minimum effective daily doses (master DBI list) is provided in online [supplementary table S1](#SP1){ref-type="supplementary-material"}. This list included 156 medications (15 with anticholinergic effects only, 87 with sedative effects only and 54 with both anticholinergic and sedative effects). Online [supplementary table S2](#SP2){ref-type="supplementary-material"} shows the DBI medications listed in one of the original DBI studies in the USA,[@R20] but not included in the master DBI list. Online [supplementary table S3](#SP3){ref-type="supplementary-material"} shows the DBI medications included in the master DBI list but not included in the original DBI study in the USA.[@R20]
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In total, 282 874 (66%) of the 428 516 GMS eligible population aged 65 years and over in receipt of any claim during 2016 received at least one claim for a DBI medication. The prevalence of chronic DBI exposure was 54.0%. Median (IQR) DBI score over the year was 0.52 (0.11--1.03).

[Table 1](#T1){ref-type="table"} shows the prevalence of patients with DBI exposure in 2016 by a range of patient characteristics. Females were significantly more likely to have DBI exposure compared with males (females 71.6% vs males 58.7%, adjusted OR 1.65, 95% CI 1.63 to 1.68). Prevalence of DBI exposure increased noticeably with the number of chronic drugs used, rising progressively from 42.7% of those prescribed 0--4 chronic drugs receiving a DBI prescription to 95.4% of those on ≥12 chronic drugs (adjusted OR 27.81, 95% CI 26.72 to 28.96). Those aged 80 years and over had a significantly higher prevalence of DBI exposure than those aged \<80 years (≥80 years, 71.5% vs \<80 years, 63.5%). In multivariate analysis, the association between increasing age and DBI exposure was diminished (adjusted OR 0.82, 95% CI 0.81 to 0.84).

###### 

Prevalence of patients aged 65 years and over dispensed at least one DBI medication prescription in 2016

  Patient-level fixed effects (n)   \% dispensed a DBI prescription   OR (95% CI)              
  --------------------------------- --------------------------------- ------------------------ ------------------------
  Sex                                                                                          
   Male (185 938)                   58.7                              1.00                     1.00
   Female (242 578)                 71.6                              1.78 (1.75 to 1.80)      1.65 (1.63 to 1.68)
  No of chronic drugs                                                                          
   0--4 (153 960)                   42.7                              1.00                     1.00
   5--7 (113 614)                   66.4                              2.65 (2.60 to 2.69)      2.67 (2.63 to 2.71)
   8--11 (102 682)                  83.9                              6.96 (6.82 to 7.09)      7.03 (6.89 to 7.17)
   ≥12 (58 260)                     95.4                              27.63 (26.55 to 28.76)   27.81 (26.72 to 28.96)
  Age (years)                                                                                  
   65--69 (96 804)                  63.5                              1.00                     1.00
   70--74 (109 118)                 62.4                              0.95 (0.94 to 0.97)      0.85 (0.83 to 0.87)
   75--79 (93 300)                  65.3                              1.09 (1.07 to 1.11)      0.81 (0.80 to 0.83)
   ≥80 (129 294)                    71.5                              1.44 (1.42 to 1.47)      0.82 (0.81 to 0.84)

DBI, Drug Burden Index; n, number of patients.

[Table 2](#T2){ref-type="table"} shows the 10 most frequently used DBI medications by Irish older people in 2016. Codeine and tramadol were the most commonly used medications with sedative effects (20.1% and 11.5% of patients, respectively). Of the 383 641 codeine prescriptions dispensed in 2016, 98.9% were for codeine/paracetamol combination products, of which 54.6% were for low-dose codeine products (codeine/paracetamol 8 mg/500 mg per tablet), 6.9% were for medium-dose codeine products (codeine/paracetamol 15 mg/500 mg per tablet) and 38.5% were for high-dose codeine products (codeine/paracetamol 30 mg/500 mg per tablet). Prochlorperazine and hyoscine butylbromide were the most commonly used medications with anticholinergic effects (5.9% and 4.6% of patients, respectively).

###### 

Most frequently used DBI medications in Irish older people in 2016\*

  Medication         Anticholinergic/sedative effects   \% patients
  ------------------ ---------------------------------- -------------
  Codeine            Sedative                           20.1
  Tramadol           Sedative                           11.5
  Zopiclone          Sedative                           9.5
  Zolpidem           Sedative                           8.5
  Pregabalin         Sedative                           7.9
  Alprazolam         Sedative                           7.8
  Diazepam           Sedative                           6.5
  Escitalopram       Sedative                           5.9
  Prochlorperazine   Anticholinergic+sedative           5.9
  Mirtazapine        Sedative                           4.8

\*Prevalence calculated by the number of patients dispensed at least one prescription for a DBI medication divided by the total number of patients dispensed at least one prescription in 2016.

DBI, Drug Burden Index.

[Figure 1](#F1){ref-type="fig"} shows the frequency of DBI drug classes dispensed to Irish older people in 2016. Anxiolytics/hypnotics and antidepressants were the most frequently prescribed drug classes of DBI medications (25% and 24% of DBI prescriptions dispensed in 2016, respectively). Of the 1 264 078 anxiolytic/hypnotic prescriptions dispensed in 2016, 52.5% were for benzodiazepines and 47.4% were for Z-drugs (zopiclone, zolpidem and zaleplon). Of the 1 211 319 antidepressant prescriptions, 47.3% were for selective serotonin reuptake inhibitors, 16.8% were for tricyclic antidepressants, 16.7% were for serotonin norepinephrine reuptake inhibitors and 19.2% were for other antidepressants (mirtazapine, phenelzine and trazodone).

![Percentage and 95% CIs of anticholinergic and/or sedative medication prescriptions dispensed by drug class in Irish older patients in 2016. Other=anti-Parkinson drugs, cardiovascular drugs, gastrointestinal drugs and muscle relaxants.](bmjopen-2018-022500f01){#F1}

Discussion {#s4}
==========

This study found that the majority of older people in Ireland are exposed to medications with anticholinergic and/or sedative effects, particularly females and those with multiple comorbidities. A lower prevalence of exposure to DBI medications of 43% was reported in a previous population study of older people living in New Zealand, of similar size and methodology to the current study.[@R15] Other studies of DBI exposure conducted in Australia, USA and Europe, with smaller cohorts of older people in various settings, have demonstrated a prevalence ranging from 20% to 79%.[@R20] This variability may be related to different definitions used to identify anticholinergic and sedative medications, specific sociodemographic or health status characteristics of participants, and differences in medication access and use across different settings and countries.[@R2] Further, prevalence rates calculated for the current study included DBI medications dispensed on an 'as needed' basis. There is no consistency in terms of the inclusion or exclusion of 'as needed' medications in previous studies, which may also explain the variability in prevalence rates reported.

This current study found that female patients and patients with high comorbidity burdens, who are more likely to be very old (80+ years), all appear to be particularly vulnerable to exposure to DBI medications, which is consistent with the literature.[@R15] Numerous studies have reported greater use of psychotropic drugs and analgesics by women compared with men.[@R37] Possible reasons for a greater use among women include increased willingness to seek medical care, increased likelihood of women to perceive and report mental illness or pain, and general practitioner (GP) prescribing bias.[@R41] It has been shown that women are more likely to receive a prescription for a psychotropic drug during a GP consultation compared with men.[@R37] Targeted efforts to reduce inappropriate prescribing of these medications in vulnerable older women are therefore needed.

In the present study, exposure to medications with sedative effects was considerably higher in older people compared with exposure to medications with anticholinergic effects. This is likely to be due to the frequent use of anxiolytic/hypnotic drugs, antidepressants and opioid analgesics. Similar patterns of use have been noted in cohorts of older people living in Finland,[@R36] Australia[@R43] and the USA.[@R45] However, older aged people in Ireland appear to have considerably higher rates of use of codeine products and tramadol than their counterparts in Finland, according to a national population study in Finland of similar design to the present study.[@R23]

Examination of the most frequently used DBI medications ([table 2](#T2){ref-type="table"}) suggests there may be opportunities for deprescribing of DBI medications in older Irish people. The high use of low-dose codeine/paracetamol combinations is of particular concern. It is known that codeine doses of at least 30 mg are required for analgesia.[@R46] At this dose, a small but statistically significant increase in the analgesic effect of codeine/paracetamol combinations compared with paracetamol alone has been shown.[@R46] However, there is a lack of pharmacological evidence to support the analgesic benefit from using low-dose codeine combination analgesics.[@R48] Combining low doses of codeine with paracetamol is likely to bring minimal analgesic benefit, but will increase the risk of adverse effects.[@R49] The most frequently prescribed codeine combination product in our study contained 8 mg of codeine and 500 mg of paracetamol per tablet. Thus, at the maximal dose of two tablets (16 mg/1000 mg codeine/paracetamol), the quantity of codeine would not achieve doses close to the minimum effective dose of codeine required for analgesia. Yet, these products will still induce the adverse effects experienced with codeine, including constipation, nausea, dry mouth, dizziness and drowsiness.[@R50] Further, the use of codeine in older people has been associated with an increased risk of falls and hip fracture (60% increased risk),[@R51] which highlights the need to limit its use.[@R52] Therefore, use of a paracetamol alone product, rather than a combined low-dose codeine/paracetamol product, may be more appropriate for some patients.

The high use of hypnotic Z-drugs and anxiolytic benzodiazepines (alprazolam and diazepam) is also noteworthy. Widespread use of benzodiazepines and Z-drugs has been reported in other European countries.[@R53] These drugs should be used with caution due to their adverse effect profile, such as drowsiness, confusion, impairment of memory and incoordination, which can be particularly problematic in older people.[@R55] Both benzodiazepines and Z-drugs have been associated with problems in older people including an increased risk of injurious falls and hip fracture, and cognitive impairment.[@R14] It is, therefore, recommended that these drugs be avoided in older people and, where appropriate, discontinuation under appropriate supervision is widely advised.[@R17] It has been shown that discontinuation of benzodiazepines and Z-drugs in community-dwelling older people is possible, without adverse events attributable to discontinuation, and may be associated with improved health outcomes, such as a reduction in the risk of falls and improvements in cognitive functioning.[@R16] A meta-analysis of interventions to reduce benzodiazepine and Z-drug use in older people demonstrated the beneficial effects of consultations and education of both prescribers and patients followed by a supervised withdrawal.[@R59]

Strengths and limitations {#s4a}
-------------------------

The present study was a large national study of DBI exposure in community-dwelling older patients in Ireland. The study design enabled examination of the variation in DBI exposure between patients in a highly representative population. A consensus list of DBI medications was developed, which may be of use for future studies using the DBI tool.

The authors acknowledge the following limitations. These largely result from the constraints of using pharmacy claims data in this study. Information about the clinical indication for prescriptions is not available in pharmacy claims data, and therefore, it is not possible to assess the appropriateness of DBI prescriptions. DBI prescribing may not always be inappropriate. The prescription may be justified for clinical reasons, after balancing risk and benefit in conditions of uncertainty. Nevertheless, given that DBI medications have been associated with adverse events in older people, the observed high prevalence of DBI prescribing suggests that a significant amount of prescribing could be improved. In addition, pharmacy claims data do not include medications purchased over the counter (OTC). However, there is no incentive for GMS patients to buy medications OTC, as most of these items are available on prescription for a small copayment, and therefore, the risk of bias is expected to be low. All medications dispensed were included in the analyses, but it was not possible to confirm whether the dispensed medications were consumed and for how long. Therefore, the DBI calculations may not reflect true exposure. However, the results reflect prescribing practice in terms of intention to prescribe. There is also the possibility of socioeconomic bias, particularly in the 65--69 years age group, as only 40% of this population is covered under the GMS scheme, which over-represents more socially deprived individuals. However, approximately 80% of those aged ≥70 years are covered for medications under the GMS scheme, and therefore, socioeconomic bias in these patients would be low. Another notable limitation involves the list of DBI medications used in this analysis, which, although determined by consensus, may be associated with interpretation bias leading to an overestimation or underestimation of the prevalence of DBI exposure. There is no gold-standard definition to describe medications with clinically significant anticholinergic or sedative effects, and therefore, the clinical validity of our selection of drugs may be limited by this. Finally, the master DBI list provided in this study (online [supplementary table S1](#SP1){ref-type="supplementary-material"}) was based on medications and dosages relevant to prescribing in Ireland. Therefore, there may be medications available in other countries that are not on this list, and there may be medications on this list that are not available in other countries. The minimum effective dosages applied refer to prescribing in Ireland. Therefore, while the master DBI list provided could be used as a starting point in other countries, adaptation to the local setting in terms of availability of drugs and dosage is necessary.

Implications for policy and practice {#s4b}
------------------------------------

The results of this present study highlight the need for interventions to reduce the inappropriate use of medications with clinically significant anticholinergic or sedative effects in older people in Ireland. In particular, the high use of low-dose codeine/paracetamol combination products, Z-drugs and benzodiazepines, suggests that interventions to alert prescribers and patients about the risks associated with these drugs in older people should be a priority. Due consideration should also be given to the importance of regular medication reviews, with a particular focus on older females and those with multiple comorbidities.

In practice, the DBI may be useful as a screening tool for older patients, to identify those patients with high exposure, which may compromise their physical and cognitive functioning.[@R60] Such patients are likely to be eligible for deprescribing interventions such as medication review.[@R60] A previous intervention study showed that collaborative pharmacist-led medication review with the GP can reduce the prescribing of sedative and anticholinergic medications in older people, resulting in a significant decrease in the DBI score.[@R61] At the population level, the DBI tool could be used as a quality indicator to guide policy to improve prescribing and optimise clinical outcomes in older people.[@R15]

Conclusions {#s4c}
-----------

In conclusion, this large population-based study has shown that there is a high prevalence of use of medications with anticholinergic and sedative effects among Irish community-dwelling older people, particularly in females and those with multiple comorbidities. The high use of low-dose codeine/paracetamol combination products, Z-drugs and benzodiazepines, suggests that there are opportunities for deprescribing in this population. The consensus list of DBI medications developed may be of use in future studies using the DBI tool. Future research should focus on examining the impact of DBI on important health outcomes in older Irish patients, and developing interventions to reduce the inappropriate use of DBI medications in this vulnerable patient population.

Supplementary Material
======================

###### Reviewer comments

###### Author\'s manuscript

We thank the HSE-PCRS for supplying the data on which the study was based. Funding from the Health Research Board in Ireland (RL-2015-1579) supported the research.

**Contributors:** CJB and KB conceived and designed the study. CJB, CW, DJW and CR contributed to development of the DBI medication list. KB accessed the data (HSE-PCRS). KB, CJB and CC performed the analysis and interpreted the results. CJB wrote the manuscript. All authors critically revised the manuscript and approved the final version.

**Funding:** This work was supported by the Health Research Board in Ireland (grant code RL-2015-1579).

**Disclaimer:** The funder had no role in the conduct of the study.

**Competing interests:** None declared.

**Patient consent:** Not required.

**Ethics approval:** The anonymised data in this study were exempt from review by an institutional review board.

**Provenance and peer review:** Not commissioned; externally peer reviewed.

**Data sharing statement:** No additional data are available.
